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Title of the Invention 

Sample contamination prevention apparatus in X-ray micro-analyzer 

[Brief Description of the Drawing] 

FIG. 1 is a view showing a sample contamination prevention apparatus 
in an X-ray micro-analyzer of the present invention; 

FIG. 2 is an enlarged view of a liquid reservoir A of FIG. 1 ; 

FIG. 3 is an enlarged view of a liquid feed pump section P of FIG. 1 ; 

FIG. 4 is a graph showing a measurement result of contamination; and 

Tables 1 and 2 show a part of the result shown in the graph of FIG. 4. 

[Detailed Description of the Invention] 

The present invention relates to a sample contamination prevention 
apparatus in an X-ray micro-analyzer that projects a finely focused electron 
beam onto the surface of an unknown sample so as to allow analysis of the 
distribution state of elements existing in a minute portion of the sample by 
observing an X-ray spectrum of a rational X-ray group generated from the 
minute portion of the sample. 

In the X-ray micro-analyzer, when the sample is contaminated, 
unexpected variation occurs in the analysis result, and when an electron optical 
system is contaminated, the position of an electron probe is unexpectedly 
moved due to charging. Therefore, in order to prevent the contamination and 
to achieve a stable continuous analysis for a long time, it is necessary to 
necessary to set the inside of a vacuum vessel (mirror body) housing an X-ray 
spectroscopy system, electron optical system, and observation optical system in 
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a high vacuum state (about 2x 1 0" 5 mmHg). 

In such apparatus, air evacuation is generally performed using an oil 
rotary pump and an oil diffusion pump in order to obtain a high vacuum and to 
shorten the time required for measurement. Further, additional rotary pump for 
preliminary evacuation is provided in a sample chamber and an electron gun 
section. As a result, there is a possibility that oil vapor or oil may flow 
backward in the mirror body and float therein. When an electron beam is 
irradiated on the sample in this state, an organic substance (esp. oil vapor) is 
decomposed to cause carbon to adhere to the high temperature portion of the 
electron beam irradiation surface, contaminating the sample. Note that it is 
accepted that the adherence of carbon to the sample surface, i.e., sample 
contamination by carbon occurs in a condition where the oil rotary pump and oil 
diffusion pump serving as an evacuation pump are not used. Further, although 
the cause of the carbon adherence is theoretically unknown at the moment, it is 
thought that an organic substance existing in the vacuum vessel is decomposed 
by the sample heated by electron impact followed by adherence to the sample 
surface. 

Adverse effect of the contamination becomes pronounced in 
quantitative analysis of a light element and, especially, in quantitative analysis 
of an ultra-light element. That is, the rational X-ray from the light element is 
easily absorbed, so that it is absorbed by a contamination layer, i.e., a carbon 
layer formed on the sample surface and, further, rational X-ray of carbon is 
discharged from the carbon layer to cause variation in the analysis value, 
degrading reproducibility. 

The present invention has been made in view of the above situation, 
and an object thereof is to provide a sample contamination prevention 
apparatus capable of effectively preventing contamination of a sample and 
performing quantitative analysis of an ultra-light element accurately without 
being affected by the contamination. As a means for achieving the above 
object, a cold trap is provided near the sample surface onto which an electron 
beam is irradiated. A concrete configuration of the sample contamination 
prevention apparatus according to the present invention will be described using 
FIGS. 1,2, and 3. 

Reference numeral 1 denotes a vacuum vessel housing an electron 
optical system, X-ray spectroscopy system, and observation optical system 
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(which are not shown), reference numeral 2 an evacuation pump of the vessel 1, 
reference numeral 3 a cold trap (hereinafter, referred to as "trap for main body"). 
A vessel 4 containing a coolant is suspended from the upper wall of the vessel 
1 at the portion above the evacuation pump 2. Reference numeral 5 denotes 
an objective lens, and reference numeral 6 a sample. 

Reference numeral 7 denotes a liquid reservoir. One end of the liquid 
reservoir 7 is, as shown in FIG. 2, closed by a lid 8 having a satisfactory heat 
transfer property. Liquid introduction pipes 9 and 10 are inserted from the other 
end side of the liquid reservoir 7 and are arranged in parallel to each other. 
The openings for the liquid introduction pipes 9 and 10 are air-tightly closed. 

Reference numeral 1 1 denotes a cooling plate having an electron beam 
passing hole 11'. The cooling plate is provided near the sample surface and is 
fixed directly or through a heat transfer plate 1 2 to the lid 8 of the liquid reservoir 
7. The components 7 to 11 constitute a cold trap (hereinafter, referred to as 
"cold trap for sample chamber"). 

The liquid reservoir having the above configuration is air-tightly attached 
to the side wall of the vacuum vessel 1 through a holding pipe 14 having a 
flange 13 and is inserted inside the vacuum vessel 1. Reference numeral 15 
denotes a cover, which has a function of holding the liquid introduction pipes 9 
and 10 as well as keeping airtight. 

The lower side liquid introduction pipe 9 is inserted inside the reservoir 
more deeply than the upper side liquid introduction pipe 10. The other end of 
the lower side liquid introduction pipe 9 is connected to a container 16 for 
containing a coolant such as liquid nitrogen through a liquid feed pump P, and a 
liquid feed channel is formed such that liquid flows from the container 16, 
through the pump P, liquid introduction pipe 9, liquid reservoir 7, to the liquid 
introduction pipe 10. 

The liquid feed pump P has a configuration as shown in FIG. 3. In FIG. 
3, reference numerals 31, 32. and 33 denote coaxially-provided pipes. The 
upper end of the pipe 31 (hereinafter, referred to as "outside pipe") is tightly 
sealed to the pipe 32 (hereinafter, referred to as "intermediate pipe"), and the 
other end thereof is air-tightly connected to the liquid nitrogen container 16 
through a cap 34. The one end of the intermediate pipe 32 is connected to a 
carburetor 35, one end of the pipe 33 (hereinafter, referred to as "axial pipe") is 
connected to the abovementioned liquid introduction pipe 9, and other ends of 
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the intermediate pipe 32 and axial pipe 33 open in the liquid nitrogen contained 
in the container 16. 

Reference numeral 36 denotes a pressure rubber bulb fitted to the 
outside pipe 31 through a branch pipe 31', and reference numeral 37 is a valve 
provided at the connection portion between the branch pipe 31' and outside 
pipe 31 . 

Next, the action of the sample contamination prevention apparatus 
shown in FIG. 1 will be described, focusing the operation of the above pump 
mechanism. 

When the pressure rubber bulb is squeezed two or three times 
before irradiation of an electron beam onto the sample 6, the liquid in the 
container 16 is pressurized by the pressure, with the result that the liquid 
nitrogen moves upward in the intermediate pipe 32 and axial pipe 33. The 
liquid nitrogen moving upward in the axial pipe 33 is guided to the liquid 
reservoir 7 by the liquid introduction pipe 9, and liquid nitrogen moving upward 
in the intermediate pipe 32 is guided to the carburetor 35. In this state, the 
squeeze of the pressure rubber bulb 36 is stopped. 

The liquid nitrogen supplied to the carburetor 35 is evaporated therein, 
and expansion pressure derived from vaporization pressurizes the liquid 
nitrogen through the intermediate pipe 32. With this pressure, the liquid 
nitrogen in the container 16 is always fed to the liquid reservoir 7 through the 
axial pipe 33 and liquid introduction pipe 9. When the liquid nitrogen in the 
liquid reservoir 7 exceeds a certain amount, it is discharged from the upper side 
liquid discharge pipe 10. 

As a result, the cooling plate 1 1 provided on the electron beam side at a 
portion near the sample is extremely cooled by heat transfer effect. Thus, oil 
vapor or carbon in the organic substance floating near the sample 6 is 
condensed and adheres to the cooling plate to be removed. Further, carbon 
heated by the electron beam irradiation and adhering to the electron beam 
irradiation surface of the sample is also condensed and adheres to the cooling 
plate to be removed by the existence of the extremely cooled cooling plate 
provided near the sample. Thus, it is possible to prevent contamination of the 
sample to the full extent. 

FIG. 4 and tables 1, 2 show measurement results concerning 
contamination of samples (copper having a purity of 99.9%, and magnesium 



Translation of Utility Model Publication 



Page 5/6 



having a purity of 99%) both in the cases where the contamination prevention 
apparatus according to the present invention shown in FIG. 1 is provided and 
where it is not provided. As is clear from the measurement results, in the case 
where the contamination prevention apparatus shown in FIG. 1 is provided, the 
increasing rate of contamination of the magnesium and increasing rate of 
contamination of the copper were 1/10 and 1/11 (relative to the case where the 
contamination prevention apparatus according to the present invention is not 
provided). Further, it can be understood that it is possible to obtain 
contamination prevention effect only with the trap for sample chamber (cold trap 
provided above the sample) without the trap 3 for main body provided above the 
evacuation pump as shown in FIG. 1. 

In the embodiment shown in FIG. 1, the pump having the configuration 
shown in FIG. 3 is used as the liquid feed pump to automatically feed the liquid 
nitrogen to the liquid reservoir 7. Alternatively, however, a manual pump may 
be used to intermittently feed a coolant such that a certain amount of the 
coolant is stored in the liquid reservoir. Further, a configuration in which liquid 
introduction pipes are newly provided at the upper and lower portions of the 
liquid reservoir wherein the coolant is supplied through the lower liquid 
introduction pipe and coolant is discharged through the upper liquid introduction 
pipe may be employed. In this case, it is possible to confirm whether the 
certain amount of the coolant is stored in the liquid reservoir or not by simply 
confirming the amount of discharged liquid and, when the lower liquid 
introduction pipe for feeding the coolant is inserted all the way into the liquid 
reservoir, it is possible to effectively cool the cooling plate with a small amount 
of the coolant. 

Further, although the liquid nitrogen is used as the coolant, any coolant 
may be used as long as it can cool the cooling plate to a temperature at which a 
sample contamination gas such as liquid helium existing in the vacuum vessel 
is condensed. 

As described above in detail, the sample contamination prevention 
apparatus according to the present invention has a configuration in which the 
cooling plate is provided near the sample surface on the electron beam 
irradiation side, and coolant from the coolant container is supplied to the liquid 
reservoir provided with the cooling plate through a piping system by the liquid 
feed pump. 
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Thus, as is clear from the above-mentioned measurement results, it is 
possible to prevent contamination of the sample to the full extent. By providing 
the apparatus of the invention, analysis results excellent in reproducibility. 
Further, the configuration in which the coolant is supplied from the external 
container through the liquid feed pump system enables extended analysis. 

While, in the X-ray micro-analyzer, an observation mechanism, a 
sample micro-movement mechanism, an X-ray detector, and the like are 
provided in the vacuum vessel housing the sample, the sample contamination 
prevention apparatus according to the present invention only has the liquid 
introduction pipes inserted thereinto, preventing other mechanism from being 
adversely affected and making the entire structure simple. When the apparatus 
is configured to be connected in a joint manner as denoted by the dotted line of 
FIG. 1, handling becomes easier. 

[What is Claimed is:] 

A sample contamination prevention apparatus in an X-ray micro- 
analyzer, the sample contamination prevention apparatus comprising: 

a liquid reservoir 7 inserted from outside into a vacuum vessel 1 and 
air-tightly fixed thereto; 

a cooling plate 1 1 connected to the liquid reservoir 7 and having an 
electron beam passing hole 11' near the portion above a sample 6; 

a pair of liquid introduction pipes 9 and 10 inserted into the liquid 
reservoir 7; and 

a pump mechanism P for feeding a coolant in a coolant container 16 to 
the liquid reservoir 7, wherein 

one of the pipes 9 and 10 is used for feeding the coolant and the other 
one of them is used for discharge of the coolant. 

□ □□ 

□□□□□□ 

□ □ □ □ X-ray intensity 

□ □ □ □ Measurement condition 

□ □ □ □ Acceleration voltage 

□ □□ X-ray diameter 

□ □□□ Measurement time 
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